We have developed a new algorithm and configuration for removing the autocorrelation of the object wave in spectral optical coherence tomography. The self-interferogram of the object wave is acquired synchronously with the standard interferogram of the recombined object and reference waves. The former is then subtracted from the latter after Fourier transformation. The algorithm is validated by numerical simulation and by experimental measurement of a USAF target and a feline eye. Keywords: optical coherence tomography, medical optics instrumentation, optical diagnostics for medicine Spectral optical coherence tomography or Fourier domain optical coherence tomography (FDOCT) has drawn significant attention recently.
Spectral optical coherence tomography or Fourier domain optical coherence tomography (FDOCT) has drawn significant attention recently. [1] [2] [3] [4] [5] FDOCT has been shown to offer faster A-scan speed and higher sensitivity than time-domain optical coherence tomography (TDOCT). [6] [7] A readout rate of 29 kHz in a line-scan CCD camera provides an A-scan rate equivalent to hundreds of meters per second, 3 which easily surpasses the grating-lens-based rapid scanning optical delay line (RSOD) that is widely used in high-speed TDOCT.
The main challenges to developing high-performance FDOCT are the autocorrelation (AK) interference and ghost images, both of which obscure the interpretation of images and degrade the system sensitivity. To tackle these problems, some investigators have developed full-range complex FDOCT to construct the complex field of the object wave by retrieving the phase information, which is accomplished by modulating the phase delay in the reference arm through a phase modulator or a piezo-actuator. [3] [4] [5] A common problem with the phase shifting technique, however, is the polychromatic phase error, i.e., the dependence of phase shift on wavelength, which may introduce significant phase errors in ultra-high resolution FDOCT where the bandwidth of the source is >100 nm. Other potential issues include the repeatability and stability of piezo-actuation, and higher-order dispersion introduced by electro-optical crystal in the phase modulator. The AK self-elimination technique we present below is tasked to eradicate all of these problems.
The standard interferogram ) (k ro acquired by a typical Michelson interferometer-based FDOCT can be expressed as 
where
is the mutual interference between the object and the reference waves;
is the self-interferogram of the object wave; and
is the spectral intensity of the source. The space domain counterpart of Eq. (2) is then obtained: This is why we call the algorithm "the self-elimination of AK interference," or SEA in short. requires uniform sampling in wave-number. In a spectrometer, however, the spectrum is evenly spread in wavelength. Therefore, the raw spectrum must be interpolated to avoid degrading the axial resolution and SNR 8 .
Note that XC(z) contains two parts: the object itself and the ghost (mirror) of the object. The ghost may overlap with the object if the reference plane is placed improperly. By placing the reference plane outside of the object (or the region of interest), the ghost is shifted to the other side of the object and, therefore, can be removed by retaining only the positive AC components. The sacrifice is that the measurement range is reduced by half compared with full-range complex FDOCT. A schematic diagram of a SEA FDOCT system is shown in Fig. 1 . Fig. 2 (a) , where the reference plane is at the top (z = 0). The 1st bright line down at z = 0.771 mm is the 1st surface of the target and the 3rd line is the 2nd surface. The optical spacing between them is 2.259 mm, which agrees with the specified thickness (1.5 mm) of the target assuming a refractive index of 1.5. The 2nd line is the AK between the two surfaces and is located at z = 2.259 mm, which also agrees with the thickness of the target. The lateral B-scan crosses 3.5 line pairs in group 0, element 6 and covers 1.95 mm on the target, which agrees with the specified spatial resolution of 1.78 lp/mm. Likewise, ) (λ obj is Fourier transformed to ) (z OBJ , which is then subtracted from ) (z RO to extract the two surfaces of the target, as shown in Fig. 2(b) . In conclusion, we have developed a self-elimination algorithm of AK interference and built a FDOCT system capable of synchronous AK self-elimination. The algorithm is validated by numerical simulation and experimental measurement of a USAF target and a feline eye. 
